birds were weighed and their gastrointestinal tract (GIT) was examined for the presence of helminths. 1 0 5
The GIT of each bird was systematically separated into three parts: (1) gizzard and proventriculus 1 0 6 combined, (2) small intestine (duodenum, jejunum and ileum) and (3) caeca. The gizzard and 1 0 7 proventriculus were dissected and examined using a binocular microscope. The small intestine was 1 0 8 placed on a large Petri dish containing saline solution. A pair of scissors was used to dissect it and a 1 0 9 scalpel to remove all worms seen attached to the mucosal surface; then the small intestine and its 1 1 0 contents were further tranfered to a large (500 ml) plastic container, filled with tap water and shaken 1 1 1 vigorously. These contents were then filtered several times using a sieve (mesh size 75 microns), and 1 1 2 emptied onto a Petri dish. The two ceca were dissected in a Petri dish containing saline solution to 1 1 3 facilitate detachment of worms from faeces and mucosa. All worms seen were transferred onto 70 % 1 1 4 ethyl alcohol-containing tubes pre-labelled with the organ of collection and helminth type (nematode, 1 1 5 cestode, trematode). All worms were counted and identified using a binocular microscope. 1 1 6
Helminth species identification and DNA barcoding 1 1 7
Helminths were identified based on their morphological characteristics (Gomes et al. 2004 , Soulsby 1 1 8 1982 , and a subset of samples were used for molecular confirmation and identification using DNA 1 1 9
barcoding (Gasser and Hoste 1995, Ribas et al. 2013) . DNA extraction was performed using DNeasy by Nancy-520 and visualized under UV light. The PCR products were amplified and sequenced using 1 2 8 the Big Dye Cycle Sequencing kit (Applied Biosystems, USA) on an ABI 3770 automatic sequence. 1 2 9
After generating a sequence type, sample was inferred to species according to the data available on compare the prevalence of helminths (total and by species) between 'normal' and 'diseased' flocks. 1 3 7
The association between rainfall and prevalence of different helminth species was investigated. The 1 3 8 agreement between presence/absence of different helminth species in the same bird, as well as over 1 3 9 several cycles in the same farm was investigated by calculating the Kappa statistic. We transformed 1 4 0 worm counts of each species to 'mass of helminth worms' based on the formula:
where W is the mass of helminth worms (μg) of each species present in the bird; w is the weight of an 1 4 4 individual worm; L is the helminth body length (μm); D is the body diameter (μm), and c is the worm 1 4 5 count of each species (Andrássy 1956) . A summary variable 'total mass of helminth worms' was 1 4 6 calculated as the sum of W values for each species of helminth present in the bird. The data on each 1 4 7 species length and diameter used in the calculations in provided in Table S1 . In order to investigate 1 4 8 the impact of worm colonization on body weight, a linear model was built with the coefficient 1 4 9 associated with the variable 'Presence of helminths', including bird age, weight, and status 1 5 0 (diseased/healthy). The agreement between presence of parasite of each species over subsequent 1 5 1 cycles of production was investigated by calculating kappa values. The Bernoulli spatial model was 1 5 2 used to identify potential farm clusters of helminth species using SaTScan software (Information 1 5 3 Management Services Inc.) using both normal and diseased flocks (Kulldorff 1997 Among colonised birds, those that had clinical signs harboured a higher mass of helminth worms than 1 8 8 healthy birds (3.8 ±SD 8.6g vs. 1.9 ±6.3g, respectively). This is largely because diseased birds had 1 8 9 about a four-fold higher A. galli worm count (29.5 ±SD 106.1 worms) compared with healthy birds 1 9 0 (7.9 ±SD 8.1 worms). The distribution of different helminth species in colonised birds, stratified by 1 9 1 disease status is shown in Figure 2 . The counts were most skewed for H. gallinarum in normal 1 9 2 chickens (median 20, mean 52.7) Conversely, the number of A. galli worms, and mass of helminth 1 9 3 worms was also considerably more skewed in diseased birds compared with healthy birds. We found 1 9 4 a fair to moderate level of agreement between presence of A. galli and H. gallinarum and cestodes, 1 9 5 both in diseased and normal chickens (all p≤0.001). The highest level of agreement was found 1 9 6 between colonization with both A. galli and H. gallinarum in diseased birds (Kappa=0.482; SE 0.104) 1 9 7 (Table S3) . 1 9 8
Prevalence of gastrointestinal helminths and rainfall 1 9 9
The prevalence of chickens colonised with gastrointestinal helminths was 66. In total there were data for 39 flock transitions in 31 normal farms, due to the fact that these farms had 2 0 5 more than two cycles. There was no significant correlation between A. galli (Kappa=-0.021; Standard 2 0 6
Error (SE) 0.151), p=0.445); H. gallinarum (Kappa=0.113; SE 0.129; p=0.189) or cestodes (Kappa=-2 0 7 0.045; SE 0.115; p=0.3488).
0 8
Mass of helminths and chicken body weight 2 0 9
The relationship between helminth infection status and chicken weight and age is displayed in Figure  2 levamisol (42.5% flocks), followed by menbendazol (20.0%), fenbendazol (17.5%), praziquantel 2 1 7 (15.0%), ivermectin (7.5%), sufadimethocine (7.5%) and albendazol (2.5%). 
